In the antiretroviral era, youth perinatally infected with HIV (PHIV+) are surviving into adulthood and are at risk for emotional and behavioural problems. Few studies of these problems have been conducted in low-and middle-income countries and even fewer in sub-Saharan Africa. The aims of this study were to provide a quantitative description of emotional and behavioural problems in a group of PHIV+ youth (n = 78) in South Africa compared with a group of demographically matched HIV-negative controls (n = 30) and to identify correlates of emotional and behavioural problems. A cross-sectional study was conducted employing participants from community and hospital-based clinics. Emotional and behavioural problems were assessed using the Child Behaviour Checklist (CBCL). Several measures were used to assess demographic, biological, cognitive and contextual correlates of problem behaviours. Youth were compared by HIV status on demographic, cognitive and contextual variables as well as the Total Problems and subscale scores of the CBCL. Multivariate comparisons of the influence of contextual and cognitive variables on CBCL Total Problems scores were performed using a stepwise linear regression analytic procedure. In this study, there were no significant differences in between-group comparisons for the prevalence of Internalizing, Externalizing and Total Problems in the PHIV+ youth and control group at the clinical and borderline cut-off ranges of the CBCL. Caregiver depression was the only significant predictor of greater Total Problems scores in the full model, after controlling for age and gender (F = 8.57, df = 5.102, P < .01). An interaction between HIV status and caregiver depression was observed (t = −2.20, P = .03), with follow-up within-group analyses confirming that caregiver depression predicted greater Total Problems scores both in HIV-negative youth (β = 0.61, P < .001), and to a lesser extent, in HIV-positive youth (β = 0.25, P < .001). This study highlights the need for adequate screening of depression in the caregivers of HIV-infected youth.
Background
The burden of the HIV epidemic remains heaviest in sub-Saharan Africa with 69% of people living with HIV residing in this region (UNAIDS, 2012) . Despite gains in the management of HIV, a relatively high proportion of South African children are still vulnerable to being infected with HIV perinatally (PHIV+) (Petersen et al., 2010) . Studies conducted in lower and middleincome countries (LMIC) have found high rates (17-80%) of emotional and behavioural problems in HIVinfected youth (Ananworanich, Jupimai, Mekmullica, Sosothikul, & Pancharoen, 2008; Grover, Pensi, & Banerjee, 2007; Louthrenoo, Oberdorfer, & Sirisanthana, 2014; Lowenthal et al., 2012; Menon, Glazebrook, Campain, & Ngoma, 2007; Musisi & Kinyanda, 2009; Nöthl-ing, Martin, Laughton, Cotton, & Seedat, 2013; Puthanakit et al., 2013; Tadesse, Tsehay, Belaineh, & Alemu, 2012) . However, few of these LMIC studies have included HIV-negative control groups. Where they have, the control groups employed are generally not comparable in terms of demographics and medical comorbidity (Ananworanich et al., 2008; Grover et al., 2007; Lee, Chhabra, & Oberdorfer, 2011; Louthrenoo et al., 2014; Menon et al., 2007; Puthanakit et al., 2013) . Results from these studies have been mixed, with rates of emotional and behavioural problems reported as being greater in HIV-positive participants in some studies (Grover et al., 2007; Louthrenoo et al., 2014; Puthanakit et al., 2013) , while others have observed no evidence of differences in behaviour problem rates between HIV-positive and HIV-negative participants (Ananworanich et al., 2008) .
There is considerable variability and inconsistency across studies in the identification of correlates of mental health problems in PHIV+ youth (Mellins & Malee, 2014) . Despite conflicting findings, there is increasing evidential support for the importance of particular contextual factors, including caregiver mental health, in influencing mental health in PHIV+ youth (Mellins & Malee, 2014) . Studies conducted in LMIC have identified several correlates of greater emotional and behaviour problems in HIV-infected youth including older youth age, greater viral load (VL), lower cognitive function, greater health problems, lower income, loss of parents, disturbed family environment, living with a caregiver or in foster care, caregiver depression and caregiver posttraumatic stress disorder (Grover et al., 2007; Louthrenoo et al., 2014; Lowenthal et al., 2012; Nöthling et al., 2013; Puthanakit et al., 2013; Tadesse et al., 2012) .
The aims of this study were to provide a quantitative description of emotional and behavioural problems in a group of PHIV+ youth in South Africa compared with a group of demographically matched HIV-negative controls. Additionally, we attempted to identify demographic, biological, cognitive and contextual correlates of emotional and behavioural problems in PHIV+ youth.
Methods

Study design
A cross-sectional descriptive, analytical study was conducted, in which a group of PHIV+ youth ages 6-16 years was compared with a group of HIV-negative, unexposed youth from the same socio-economic community.
Sample
PHIV+ youth were recruited from Infectious Diseases clinics at Khayelitsha Site C, Woodstock and Mitchells Plain Community Health Clinics (CHCs). Additional sources for recruitment included the paediatric neurology service at Red Cross War Memorial Children's Hospital and the Groote Schuur Hospital Paediatric HIV clinic in Cape Town, South Africa. A positive diagnosis of HIV, including confirmatory tests, was an inclusion criterion. Caregivers were asked whether transmission was perinatal and as far as possible this was confirmed by reviewing clinical records. Within the HIV-infected group, youth were further divided into three subgroups: PHIV+ youth who had never been on antiretroviral therapy (ART naïve), PHIV+ youth on ART without HIV-related encephalopathy (HIVE) and PHIV+ youth on ART with a confirmed diagnosis of HIVE.
HIV-negative, unexposed control youth were recruited from schools and by word of mouth from the same community as the CHCs using frequency matching. Controls were matched for age, gender and language.
This study formed part of a larger study which included a brain imaging component. Accordingly, youth with other serious medical comorbidities, previous central nervous system conditions, previous head injuries, a history of drug or alcohol exposure in pregnancy, a history of perinatal complications that could have caused brain injury or any contra-indication to magnetic resonance imaging were excluded.
Study procedure
Ethics approval for this study was obtained from the Human Research Ethics Committee of the Faculty of Health Sciences at the University of Cape Town (HREC REF: 701/2013 ). Caregivers had to be able to provide fully informed consent for themselves and the youth to participate in the study.
Measures
All instruments used were translated into isiXhosa and back-translated into English by qualified translators at the University of Stellenbosch Language Center. The instruments were administered by two researchers fluent in English and isiXhosa who received training in the instruments from a neuropsychologist.
Emotional and behavioural problems
The main outcome measure of this study was emotional and behavioural problems, measured using the Child Behaviour Checklist CBCL/6-18 version (Achenbach & Ruffle, 2000) . The CBCL/6-18 is a standardized caregiver rating scale used to identify emotional and behavioural problems in youth between ages 6 and 18 years. Caregiver was defined in this study as the person taking primary responsibility for caring for the youth. The CBCL has 113 problem behaviour items. Caregivers respond to a description of each item using a 3-point Likert scale (0 = Not True, 1 = Somewhat or Sometimes True, 2 = Very true or Often True) based on observed behaviour over the previous 6 months. Similar items are summed together to obtain a score for syndromes. Selected syndromes are further summed together to obtain Internalizing (Anxious/Depressed, Withdrawn/ Depressed and Somatic Complaints syndromes) and Externalizing Problems (Rule-Breaking Behaviour and Aggressive Behaviour syndromes) subscale scores. A Total Problems score is calculated by summing the Internalizing and Externalizing subscale scores with additional syndrome scores (Social Problems, Thought Problems and Attention Problems) and Other Problem item scores that are not strongly associated with any of the syndrome scales. The CBCL has been used globally in clinical and research settings and it has been validated in non-English-speaking youth from varying social groups and with varying physical and mental health conditions (Albores-Gallo et al., 2007; Tadesse et al., 2012) . The CBCL preschool version has been used successfully to measure emotional and behavioural problems in South African youth (Nöthling et al., 2013) .
Demographic variables
Youth age and gender were asked about in a socio-demographic questionnaire. Age was analysed as a dichotomous variable; participants aged 10 years or older were grouped as adolescents and participants younger than 10 years of age as children. This cut-off is consistent with the World Health Organization definition of adolescence (World Health Organization, 2014) .
Biological variables
Youth HIV status was confirmed by reviewing clinical records for a confirmatory Elisa test. CD4 count and VL were determined by reviewing clinical records. CD4 counts and VL assays were conducted if a recent (less than 3 months) test was not available. VL was dichotomized at 40, corresponding to the detection sensitivity of the assay. ART schedule was obtained from the participant's clinical records. HIV encephalopathy was determined by a neuromedical examination performed on all HIV-infected youth by a paediatric neurodevelopmental specialist.
Psychological variables
A cognitive performance score for youth was calculated as an average of z-scores from a battery of tests assessing neuropsychological domains known to be affected in PHIV+ youth, including processing speed, attention, visual spatial ability, visual memory and executive functioning (Laughton, Cornell, Boivin, & Van Rie, 2013) . All instruments are standardized, have good psychometric properties and have been used in paediatric neuropsychological research and clinical assessment in South Africa (Hoare et al., 2012) . Details on the calculation of the cognitive performance score are included in Supplementary Appendix A.
Contextual variables
Relationship of caregiver to the youth was asked about in the socio-demographic questionnaire. Caregivers were classified into two groups: biological father or biological mother and other.
Household crowding was measured using information from the socio-demographic questionnaire and calculated as the number of people living in the house divided by the number of rooms.
The Family Resources Scale (FRS) is a standardized 30-item scale used to assess the extent to which resources are perceived to be adequate in households of young children (Dunst & Leet, 1987) . Caregivers rate the extent to which each of the resources is adequate on a 5-point Likert scale (1 = Not at all adequate, 2 = Seldom adequate, 3 = Sometimes adequate, 4 = Usually adequate, 5 = Almost always adequate). The FRS has been shown to be a reliable and valid tool for assessing perceived adequacy of resources among economically diverse families of youth with emotional and behavioural disorders (Brannan, Manteuffel, Holden, & Heflinger, 2006) .
The Family Support Scale (FSS) is a standardized 18-item scale used to assess caregivers' satisfaction with the perceived level of social support they receive in raising young children (Dunst, Trivette, & Cross, 1986) . Caregivers rate how helpful various sources of support have been in terms of raising their children on a 5-point Likert scale (1 = Not at all helpful, 2 = Sometimes helpful, 3 = Generally helpful, 4 = Very helpful, 5 = Extremely helpful). The internal consistency and test-retest reliability of the FSS have been found to be moderately high in studies of low-income families (Hanley, Tassé, Aman, & Pace, 1998) .
Caregiver depression was measured using the Center for Epidemiologic Studies-Depression Scale (CESD) -a 20-item self-report scale designed to measure depression symptomatology in the general population (Radloff, 1977) . Caregivers rate how often they have felt or behaved in a certain way in the previous week on a 3-point Likert scale (0 = Rarely or None of the Time, 1 = Some or little of the Time, 2 = Moderately or Much of the Time, 3 = Most or Almost All the Time). The CESD has been validated in South Africa and has been shown to be an effective screening tool for depression in HIV-infected adults (Myer et al., 2008; Singh, Sunpath, John, Eastham, & Gouden, 2008) . A cut-off score of 16 has been used in previous South African studies to identify depressed individuals (Nöthling et al., 2013) .
Data analysis
Data were captured into an Excel spread sheet and analyses were conducted using the R statistical computing language (version 3.1.2) (R Core Team, 2015) . Youth were compared by HIV status on demographic, psychological and contextual variables, as well as the Total Problems and subscale scores of the CBCL. Chi-square tests of group differences were conducted for categorical variables, with continuous data compared by means of twosample t-tests, or the non-parametric Mann-Whitney or Kruskal-Wallis test where assumptions of normality were violated. Pearson's correlations were calculated to identify relationships between contextual variables. A two-sided alpha of 0.05 was employed for all tests.
Multivariate comparisons of the influence of contextual and cognitive variables on CBCL Total Problems scores were performed using a stepwise linear regression analytic procedure. A block of contextual variables was added to a basic model including HIV status and youth age and gender, with the latter being treated as nuisance covariates. An iterative model comparison algorithm was subsequently run, as implemented using R's step function, in which variables that made the least contribution to model fit (as assessed using the AIC metric) were removed in a backward stepwise fashion from the model. The final model was attained when removal of any additional variables would result in a statistically significant decrement in model fit. The influence of cognitive performance was only assessed after the backward stepwise function had identified significant predictor terms from the block of contextual variables, as well as their interactions with HIV status. Biological correlates of Total Problems scores in the HIV-positive subsample were identified by adding biological variables (HIV subgroup, VL, CD4 count) to a linear regression model including youth age, youth gender and caregiver depression scores as covariates.
Results
A total number of 120 youth were recruited. The final sample (n = 108) for data analysis included 78 PHIV+ youth (14 ART naïve, 46 on ART without HIVE, 18 on ART with HIVE) and 30 HIV-negative control youth. The demographic, psychological and contextual variables are compared between the two groups in Table 1 . The groups were comparable with respect to demographic and contextual variables. The mean age of youth in this study was 10 years, split approximately equally into children (50.9%) and adolescents (49.1%).
Cognitive performance scores were significantly lower in the PHIV+ youth when compared to the HIV-negative controls (P < .001). Using a cut-off of 16 on the CESD, no significant difference in caregiver depression was observed between groups, with 43.6% of caregivers of PHIV+ youth and 50% of caregivers of HIV-negative controls screening positive. Greater caregiver depression scores were significantly associated with lower perceived resources across all participants (R = −0.25, P < .01).
The demographic, psychological and contextual variables were comparable between the PHIV+ subgroups ( Table 2 ). There was trend-level evidence (P < .1) for greater perceived resources in the encephalopathy group compared with the other groups. For the biological variables, VLs were significantly higher (P = .01) and CD4 counts significantly lower (P = .02) in the ARTnaïve group when compared to the ART treated without HIVE and ART treated with HIVE groups.
There were no statistically significant differences in between-group comparisons for the prevalence of Internalizing, Externalizing and Total Problems in the PHIV+ youth and control group at the clinical (>65) and borderline (>60) cut-off ranges of the CBCL (Table 3) . Likewise, no statistically significant differences were observed between PHIV+ youth and HIV-negative controls in the univariate tests of CBCL Internalizing, Externalizing and Total Problems scores (Table 4 ). The mean Total Problems score was 57.5 in PHIV+ youth and 55.5 in control youth.
After controlling for gender and age, the contextual variables retained following stepwise regression included caregiver depression and the interaction between caregiver depression and HIV status. The regression model of Total Problems scores on HIV status and depression, as well as their interaction, was significant (F = 8.57, df = 5.102, P < .01), explaining over a quarter of the variability in Total Problems scores (adjusted R 2 = 26.1%). Cognitive performance scores did not predict Total Problems scores when added to the model.
According to the final model and as evident in Figure 1 and the estimates for Model 1 (Table 5 ), greater caregiver depression scores predicted greater Total Problems scores to a lesser extent in HIV-positive youth compared to HIV-negative youth (t = −2.20, P = .03). There was trend-level evidence (P < .1) for greater Total Problems scores in both male and older youth. Running the final model separately in HIV-positive and HIV-negative youth (Model 2a and 2b in Table 5 , respectively) confirmed that greater caregiver depression scores were significantly associated with greater Total Problems scores in both groups (β coeff = 0.61, P < .001 and β coeff = 0.25, P < .001 for HIV-negative youth and HIV-positive youth, respectively), after controlling for youth age and gender differences within each of these groups. The CBCL results demonstrated some variability with respect to the distribution of Total Problems scores across the three HIV subgroups (Supplementary Appendix B). In a model assessing the effect of biological variables (HIV subgroup, VL, CD4 count) within the HIVinfected participants, only HIV subgroup significantly predicted greater Total Problems scores. The ARTtreated group without HIVE presented with lower Total Problems scores than either the PHIV+ youth on ART with HIVE (β coeff = 8.10, P < .01) or the ARTnaïve youth (β coeff = 7.17, P < .001), with no evidence of differences in Total Problems scores in the latter two groups.
Discussion
This study examined the prevalence and correlates of emotional and behaviour problems in a sample of PHIV+ youth compared to demographically matched HIV-negative controls. There were four main findings for this study: First, 14% of PHIV+ youth had emotional and behavioural problems, compared with 17% of HIVnegative controls, using the CBCL Total Problems clinical cut-off. Second, greater caregiver depression scores were associated with greater Total Problems in both groups (as evident in Models 2a and 2b in Table 5) ; this relationship was stronger in the control group, however. Third, cognitive performance scores were significantly lower in HIV-positive than HIV-negative youth. Finally, PHIV+ youth on ART without HIVE had fewer emotional and behavioural problems than PHIV Table 3 . Prevalence of Internalizing, Externalizing and Total Problem scores at the clinical (>65) and borderline (>60) cut-off ranges on the CBCL of PHIV+ Youth and HIV-negative controls. Internalizing Problems 12% (n = 9) 33% (n = 25) 10% (n = 3) 37% (n = 11) 1.31 1 Externalizing Problems 8% (n = 6) 22% (n = 17) 20% (n = 6) 23% (n = 7) 0.42 .28 Total Problems 14% (n = 11) 19% (n = 21) 17% (n = 5) 30% (n = 9) 0.94 1 a Odds ratio for clinical CBCL cut-off estimated using Fisher's Exact Test. + youth on ART with HIVE and ART-naïve PHIV+ youth.
The proportion of PHIV+ youth in this study who were identified with emotional and behavioural problems using the CBCL clinical cut-off is lower than the 17-80% prevalence range reported for other LMIC studies (Ananworanich et al., 2008; Louthrenoo et al., 2014; Lowenthal et al., 2012; Menon et al., 2007; Musisi & Kinyanda, 2009; Nöthling et al., 2013; Puthanakit et al., 2013; Tadesse et al., 2012) . This may be accounted for by the exclusion in our study of youth with serious medical comorbidities and previous central nervous system conditions. The lower proportion of Total Problems in this study may also reflect methodological differences, and our use of clearly defined measure cut-offs, rather than true lower prevalence. The mean Total Problems score in HIV-positive youth was 57.5 which was greater than but not significantly different from the mean Total Problems score in control youth of 55.5. Rescorla et al. (2007) reported CBCL mean Total Problems scores ranging from 13.1 (Japan) to 34.7 (Puerto Rico) and an averaged mean score of 22.5 in general population samples in 31 societies. The only African country included in this study was Ethiopia with a mean Total Problems score of 33. The mean Total Problems scores in our sample may be higher than these general population sample means because our sample was drawn from HIV-affected communities with limited resources and multiple psychosocial stressors. Unfortunately, there are no South African CBCL general population norms to compare our sample to. The overriding influence of the high rates of caregiver depression in this sample may explain why there is no difference in Total Problems scores between PHIV+ and control youth.
Caregiver depression has been correlated with greater emotional and behavioural problems in other studies of PHIV+ youth (Mellins & Malee, 2014) and youth from other populations (Billings & Moos, 1986; Cummings, Keller, & Davies, 2005; Luoma et al., 2001 ). In our sample, a smaller association was observed between caregiver depression scores and greater Total Problems scores in the PHIV+ group than controls. This is potentially as a result of the impact of other HIV-related factors such as youth nadir CD4 count, youth age of ART initiation, parental loss and caregiver HIV status that were not measured in this study. The rates of caregiver depression in both groups were higher than lifetime prevalence rates of depression reported in South Africa Figure 1 . Scatter plot of interaction of HIV status, caregiver depression and CBCL total problems scores.
(9.7%) (Tomlinson, Grimsrud, Stein, Williams, & Myer, 2009) . All participants in our study came from communities with limited resources and multiple psychosocial stressors. Indeed, greater depression scores were correlated with lower perceived resources in our sample. The proportion of caregivers who were classified as having depression on the CESD in this study was similar to the 50% previously reported in a comparable community sample of caregivers of HIV-positive youth in South Africa (Nöthling et al., 2013) . The high levels of depression in our study may be partly accounted for by the demographic characteristics of caregivers in our sample. The majority of caregivers were female (97%), 60% were single, widowed or divorced and 65% were unemployed. These are all factors known to increase vulnerability to depression (McKee-Ryan, Song, Wanberg, & Kinicki, 2005; Weissman et al., 1996) . The demographic risk factors and stressors these caregivers face appear to put them at risk of depression whether or not they are caring for an HIV-infected youth. As expected, cognitive performance was significantly worse in PHIV+ youth compared with controls, and partly reflects the selection of measures of cognitive domains that have previously been reported as being affected in PHIV+ youth . Lower cognitive performance scores did not predict greater Total Problems scores, despite this pattern frequently being reported elsewhere (Malee et al., 2011; Nozyce et al., 2006; Puthanakit et al., 2013) . It is possible that behavioural problems as a result of cognitive difficulties may only manifest in older youth, particularly with regard to externalizing behaviours. The average age of youth in our sample was 10 years and there was trend-level evidence for greater Total Problems scores in adolescents compared with younger children.
Of the biological variables, PHIV+ youth on ART without HIVE had lower Total Problems scores than PHIV+ youth on ART with HIVE and ART-naïve PHIV+ youth. The clinical rationale for the early initiation of ART is now well supported by studies that show improved clinical and immunological outcomes as well as improved quality of life outcomes in youth started earlier on ART (Bunupuradah et al., 2013; Cotton et al., 2013 ). There was trend-level evidence (P < .1) for greater perceived resources in the encephalopathy group, possibly because these youth were accessing medical care at tertiary-level hospitals. Nevertheless, levels of perceived access to resources and social support did not differ substantially between the PHIV+ subgroups, and are therefore unlikely to account for group differences in Total Problems scores.
This study is not without limitations. A cross-sectional study design was employed, limiting conclusions regarding the causal relationship of the factors assessed in this study to Total Problem scores in youth. The sample size was also relatively small which may have limited the power to detect group differences and associations. Moreover, the HIVnegative status of the control group youth was not confirmed using HIV testing, and important HIV-related variables such as youth nadir CD4 count, age of ART initiation, caregiver HIV status and rates of parental loss were not determined. Finally, the CBCL relies on subjective reporting of problem behaviours and caregivers may have under or over reported behaviours.
Conclusion
This study demonstrates that caregiver depression was significantly associated with greater Total Problems scores in both HIV-negative, and to a lesser extent, HIV-positive youth. This finding highlights the need for adequate screening of depression in the caregivers of HIV-infected youth as well as caregivers of all youth presenting with problem behaviours. Treating caregiver depression may help reduce emotional and behavioural problems in youth in our communities.
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